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BACKGROUND OF THE INVEhfnON 

Many individuals suffer from heart disease caused by a partial blockage of the blood vessels that supply 
the heart with nutrients. More severe blockage of blood vessels in such individuals often leads to hypertension, 

5 . ischemic injury, stroke, or myocardial infarction. Typically vascular ocdusion Is preceded by vascular stenosis 
, resulting from intlmal smooth nnjsde ceil hyperplasia. The underlying cause of the intimal smooth muscle cell 
hyperplasia Is vascular smooth musde injury and disruption of the integrity of the endothelial lining. The overall 
disease process can be termed a hyperprolifeFatlve vascular disease because of the etk)logy of the disease 
process. Intimat thickening following arterial injury can be divided into three sequential steps: 1 ) Initiation of. 

. 10 smooth nmjsde cell proliferation following vasoilar Injury, 2) smooth musde ceil migratton to the Intima, and 
3) further proliferation of smooth musde cells In the intima with deposition of matrix. Investigations of the 
pathogenesis of Intimal thickening have shown that, following arterial injury, platelets, endothelial cells, mac- 
rophages and smooth musde cells release paracrine and autocrine growth factors (such as piatetet derived 
■ * . growth factor, epidermal growth factor, insulin-like growth factor, and transforming growth factor) and cytokines 

15 that result In the smooth musde ceil proliferation and migration. T-cells and macrophages also migrate into 
the neointima [HaudenschOd, C, Lab. Invest 41: 407 (1979); Oowes, A.. Ore. Res. 56: 139 (1985): Clowes, 
A, J, Cardiovas. Pharm. 14 (Suppl. 6): S12 (1989); Manderson, J., Arterio. 9: 289 (1989); Forrester, J., J. Am. 
Coll. Cardidi 17: 758 (i 991)]. This cascade of events is not limited to arterial injury, but also occurs following 
injury to veins and arterioles. 

20 Vascular injury causing intimal thickening can be broadly categorized as being either bldogically or mech- 
anically induced. Artheiosderosis is one of the most commonly occurring forms of btologically mediated vas- 
cular injury leading to stenosis. The migration and proliferation of vascular smooth musde plays a crucial role 
in the pathogenisis of artherosderosis. Artherosderotic lesions indude massive accumulation of lipid laden 
'Yoam celts" derived from monocyte/macrophage and smooth. musde cells. Formation of "foam cell' regions 

25 Is associated with a breech of endothelial integrity and basal lamina destruction. Triggered by these events, 
restenosis is produced by a rapid and selective prdiferation of vascular smooth musde cells with increased 
new basal lamina (extraceilular matrix) formation and results in eventual blocking of arterial pathways. [Davies, 
P.F.. Artherosderosis Lab. Invest 55: 5 (1986)1; 

Mectianical Injuries leading to Intimal thickening result following balloon angioplasty, vascular surgery, 

30 transplantation surgery, and other similar invasive processes that disrupt vascular integrity. Intimal thickening 
following balloon catheter injury has been studied in animals as a model for arterial restenosis that occurs In 
human patients following balloon angioplasty. Clowes, Ferns, Reidy and others have shown thatdeendothe- 
liilzation with an Intraarterial catheter that dilates an artery injures the innermost layers of medial smooth mus- 
de and may even kill some of the innermost cells. [Schwartz, S:M., Human Pathology 1 8: 240 (1 987); Fingerle, 

35 J., Ateriosclerosis 1 0: 1 082 (1 990)] Injury Is followed by a prdiferation of the medial smooth musde cells, after 
which many of them migrate into the intbna through fenestrae in the internal elastic lamina and proliferate to 
form a neointimal lesion. 

Vascular stenosis can be detected and evaluated using angtographic or sonographic imaging techniques 
[Evans. RO., JAMA 265: 2382 (1991)],and Is often treated by percutaneous transluminal coronary angioplasty 

40 (balloon catheterization). Within a few months following angioplasty, however, the blood flow is reduced in 
approximately 30-40 percent of these patients as a result of restenosis caused by a response to mechanical 
vascular injury suffered during the angioplasty procedure, as described at)ove. [Pepine, C. Circulation 61: 
. 1753 (1990): Hardoff, R., J. Am. Cdl. Cardid. 15 1486 (1990)]. 

In an attempt to prevent restenosis or reduce intimal smooth musde cell proliferation following angioplasty. 

45 numerous pharn^ceutical agents have been employed dinically. concurrent with or fdlowing angbplasty. 
Most pharmaceutical agents employed in an attempt to prevent or reduce the extent of restenosis have been 
unsuccessful. The following list identifies several of the agents for which favorable dinical results have been 
reported: Ipvastatin [Sahni, R.. Circulation 80 (Suppl.) 65 (1989); Gellman, J., J. Am. Coll. Cardiol. 17: 251 
(1991)]; thromt>oxane A2 synthetase Inhibitors such as DP- 1904 [Yabe. Y., Circulation 80 (Suppl.) 260 ( 1989)]; 

50 eicosapentanoic add [Nye. E, Aust N.Z. J. Med. 20: 549 (1990)]; dprostene (a prostacyclin analog) [Oemke.. 
D.. Brit J. Haematd 76 (Suppl.): 20 (1990); Darius. R. Eur. Heart J. 12 (Suppl.): 26(1991)]; trapidil (a platelet 
derived growth factor) [Okamoto, S., Circulation 82 (Suppl.): 428 (1990)]; angiotensin converting enzyme in- 
hibitors [Gottlieb. N.. J. Am, Cdl. Cardtol. 17 (SuppL A): 181A (1991)]; and low mdecular weight heparin [de 
VHes. C, Eur. Heart J. 12 (SuppL): 386 (1991)]. 

55 In an attempt to develop better agents for preventing or redudng smooth musde prdiferation and intimal 
thickening; the use of balloon catheter induced arterial, injury in a variety of mammals has been developed as 
' a standard model of vascular injury that will lead to intimal thkdcening and eventual vascular narrowing. (Chev- 
ru, A., Surg. Gyneool. Obstet 171: 443 (1990); FIshrhan. J.. Ub. Invest 32: 339 (1975); Haudenschad. C. 
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Ub. Invest 41: 407 (1979); Qowes, A.W., Ub. Invest 49: 208 (1983); Clowes. A,W.. J. Carxllovas. Pharm. 
14: SI 2 (1989); and Ferns. G^. Science 253: 1129 (1991)}. Many compounds have been evaluated in this 
standard animal model. The immunosuppressive agent cyclosporin A has been evaluated and has produced 
conflicting resulte. Jbnasson reported that cyclosporin A caused an inhibition of the intimal proliferative lesion 

5 following arterial balloon catheterization in vivo, but did not inhibit smooth muscle cell proHferation in vitro. [Jo- 
nasson. L. ProcNatL Acad. Sd. 85: 2303 (1988)]. Ferns, however reposed that when de-endotheiilized rabbits 
were treated with cyclosporin A. no significant reduction of intimal prolifefation was observed in vivo. Addition- 
ally, Inthnal accumulations of foamy macrophages, together with a number of vacuolated smooth musde cells 
in the legion adjacent to the internal elastic lamina were observed, indicating that cyclosporin A may modify 

10 and enhance lesions that form at the sites of arterial injury. [Ferns, G.A., Circulation 80 (Supp): 184 (1989); 
Ferns, G., Am. J. Path. 137; 403 (1990)]. 

Rapamycin, a macrocydic triene antibiotic produced by Streptomyces hyqroscopicus [U.S. Patent 
3.929,992] has been shown to prevent the formation of humoral (IgE-like) antibodies in response to an albumin 
allergic challenge [Martel, R., Can. J. Physiol. Pharm. 55: 48 (1977)], inhibit murine T-cell activation [Staruch, 

15 M., FASEB 3: 3411 (1989)], prolong survival time of organ grafts In histoincompatible rodents (Morris, R., Med. 
Sd. Res. 17: 877 (1989)], and Inhibit transplantation rejection in mammals [Calne, R.. European Patent Appli- 
cation 401,747]. Rapamydn blodcs calcium-dependent caldunvlndependent cytoklne-lndependent and con- 
stitutive T and B cell division at the G1-S Interface. Rapaniycin inhibits ganrvna-interferon production Induced 
by II -1 and also Inhibits t he garrima-lnterferon induced expression of membrane antigen. [Morris, R.E., Trans- 

20 plantation Rev. 6: 39(1992)]. 

DESCRIPTION OF THE INVENTION . * 

. This invention provides a method of prove nting or treatlrig hyperproliferative vascular disease in a mammal 
25 m need thereof by administering an antiproliferative effective annount of rapamydn to said mammal. The ad- 
ministration may be by one or more of the. following routes: orally, parenterally, intravascularly, intranasally, 
Intrabronchially, transdermaliy. rectally, or via a vascular stent impregnated with rapamydn. 

' As such, rapamydn is useful in preventing or treating intimal smooth musde cell hyperplasia, restenosis, 
and vascular occlusion In a mammal, particularly fdl owing either biologically or mechanically mediated vas- 
30 cular injury, or under conditions that would predispose a mammal to suffering such a vascular injury. Bidog- 
ically mediated vascular injury includes, but is not limited to injury attributed to autoimmune disorders; alloim- 
mune related disorders; infectious disorders induding endotoxins and herpes viruses such as cytomegalovirus; 
metabolic disorders such as atherosderosis; and vascular injury resulting from hypothermia, hypothermia, and 
irradiation. Mechanically mediated vascular Injury indudes, but is notlimited to vascular Injury caused by cath- 
35 eterization procedures or vascular sdraping procedures such as percutaneous transluminal coronary angio- 
plasty; vascular surgery; transplantation surgery; laser treatment; and other invasive procedures which disrupt • 
the Integrity of the vascular intima or endothelium. 

Preventing indudes the prophylactic prevention of hyperproliferatlve vascular dsease in a susceptible 
manfimal and treating indudes arresting the devdopment and retarding the progression of hyperproliferatlve 
<o vascular disease In a susceptible mammal. 

this invention also provides a method of using a combination of rapamycin and mycophendic add for the 
same utilities described above. Mycophendic add. an antiproliferative antimetabolite. Inhibits inoslne mono- 
phosphate dehydrogenase and guanoslne monophosphate synthetase, enzymes in the de novo purine bio- 
synthetic pathway. This results in an Inhibition of DNA synthesis which causes an accumulation of cells at the 
45 G1-S interface. Other combinations containing rapamycin that are useful for preventing or treating hyperpro- 
liferath/e vascular disease will be apparent to one skilled In the art These indude. but are not limited to, using 
rapamydn in combination with other antiproliferative antimetabdites. 

Accordingly this invention provides a product containing rapamydn and an antiproliferative antimetiabdite 
such as ntycophendic acid as a combined preparation for simultaneous, separate or sequential use In prevent- 
so ing or treating hyperprdif erative vascular disease. In a further reaped this invention provides a pharmaceutical 
composition comprising rapamydn, an antiprdiferative antimetabdite such as mycophendic add and a phar- 
maceutically acceptable carrier. 

The effed of rapamydn on hyperprdiferative vascular disease was established in an in.vitro and an in vivo 
standard pharmacological test procedure that erhulates the hyperprdiferative effects observed In mammals 
55 that are undergoing intimal smooth musde prdrferation and are therefore devdoping restenosis. Cydoporin - 
A was also evaluated In these test procedures for (he purpose of comparison. The combination of rapamycin 
and mycophenofic add was evaluated in the invhfo test procedure. The procedures and'the results obtained 
are described below 
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Rapamycin and cydosporin A were evaluated in an in vitro standard pharmacological test procedure which 
emutatea the intbnal smooth muscle cell proliferatton observed following vascular Injury. Results were obtained 
by nteasuring DNA and protein synthesis In rat smooth muscle ceils that have been simulated with a growth • 
factor such as fetal calf serum or a hypertrophic mitogen, such as angiotensin II. The following briefly describes 

5 the procedure thdt was used. Rat smooth musde cells were maintained In a 1 :1 mixhjre of defined Eagle's 
medium (DEM) and Ham's F12 medium with 10% fetal calf serum, penicillin (100 U/mL). streptomycin (100 
mg/mL) and 25 mL Hopes at pH 7.4. CeUs were incubated at 37*^ in a humidified atmosphere of 5% CO3 with 
media changes every 2-3 days. Each compound tested was diluted with an appropriate vehicle to obtain a 1 
mM stock solution. Ethanol was used as the vehicle for rapamycin and 20% tween 80 in ethartol was the vehicle 

10 for cydosporin A. Test concentrations of drug were obtained by diluting appropriate concentrations of stock sol- 
ution with serum free media. The smooth musde cell culture was maintained In a defined serum free media 
containing 1:1 DEM and Ham'sf 12 medium, Insulin (5x 10-^ M), transferrin (5 jig/mL), and ascorbate (0.2 mM) 
for 72 hours before testing In a mutti-well plate. After the 72 hour period, an appropriate quantity of stock sol- 
ution containing either rapamycin or cydosporin A was added to the smooth musde cell culture arid media 

fd mixture. After a 24 hours the appropriate growth factor was added. For the measurement of DNA synthesis, 
'H-thymidine was added at 12 hours after the growth factor was added, and the cells were harvested at 36 
hours. For the measurement of protein synthesis, ^H-leucine was added at 14 hours after the growth factor 
was added, and the cells were harvested at 18 hours. The amount of Incorporated radioactive label was meas- 
ured on a sclntillatlon counter. 

20 The following table shows the results obtained for rapamycin on DNAand protein synthesis In smooth mus- 
de cells that were stimulated, with 10% fetal calf serum, as measured by incorporation of tritiated thymidine 
or leucine info smooth musde cells. The amount of yitiated label incorporated by the smooth musde cells that 
were treated with media only was normalized to 100%. and the results for cells treated with fetal calf serum 
or fetal calf serum plus the test compound are encpressed as a percent comparison with the cells treated with 

25 media only. 

EFFECT OF RAPAMYCIN ON DNA AMD PROTEIN SYNTHESIS 
IN SMOOTH CELLS STIMULATED WITH FETAL CALF SERUM* 

.30 , ^ 

^H-xhyraidine Incorporation ^H-Leucine Incorporation 
f% of Medial f%fif Media) 

Media 100% . 100% . 

^. FCS 495% 174% 

1000 nM RAP + FCS 136% 95% . 

.100 nM RAP + FCS 172% . . 91% 

40 lOnMRAP + FCS 204% 74% 

: InMRAP + FCS .403% 106% 

* \ Abbreviations: • RAP s rapamycin; Media = defined serum free media; and 
4s . FCS = 10% fetal calf serum. 

. The following table shows the results obtained for rapamydn on protein synthesis in smooth musde cells 
that were stimulated with 10^ nM angiotensin li, as measured by incorporation of yitiated leudne into smooth 
nnisde cells. The amount of tritiated label incorporatidd by the smooth musde cells that were treated with media 
so oviiy weTe normalized to 100%, and the results for cells treated with angiotensin or angiotensin plus the test 
compound are expressed as a percent comparison with the ceils treated with media only. 
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EFFECT OF RAPAMYCIN ON PROTEIN SYNTHESIS 
IN SMOOTH CH4^ SllMUlJ\TED Wrra ANGIOTENSIN n* 

3H-Leucine Incoiporation 



Media 100% 

ANG . 159% 

1000 nM RAP + ANG 53% 

100 nM RAP + ANG 57% 

lOnMRAP + ANG 61% 

InMRAP + ANG. 60% 



* Abbreviations: RAP = rapamycin; Media = (defined serum free 
media; and ANG = 10^ nM angiotensin IL 

20 

The results of the standard in vitro, test procedure showed that rapamycin had a pronounced antiprolifer- 
ative effect in the presence of PCS and an antf-hypertrophic effect in the presence of angiotensin it. Following 
vascular injury, DNAand protein synthesis. of smooth musde cells are necessary for the development of reste- 
nosis to occur. These results showed that rapamycin inhibited both DNA and protein synthesis in stirnulated 

25 smooth muscle cells. An antiproliferative effect was also observed with cyclosporin A; however, at 1000 nM. 
cydosproin A was cytotoxic and not merely cytostatic. At 1000 nM, cyclosporin A caused lysis of the smooth 
muscle cells as evidenced by the presence of lactic acid dehydrogenase In the supernatant of the cell culture. 
Simitar toxicity to smooth musde cells was not 6t)served for rapamydn. 

Rapamycin, rapamydn plus niycophendic add, and cydospbrin A were evaluated in an in vivo standard 

30 pharmacological test procedure that emulates the vascular injury suffered and restenosis that develops fol* 
lowing percutaneous transluminal coronary angioplasty in humans. The ability of a test compound to inhibit 
rastsnosis was determined by comparing intimal thickening in mammals treated with test compound following 
t>aIloon catheterization versus intimal thickening in untreated control mamnnials af ter the same test procedure. 
tChevru, A. Surg. Gynecd, Obstet 171: 443 (1990); Fishman, J., Lab. Invest 32: 339 (1975); Haudenschild, 

35 C, Lab. Invest 41: 407 (1979); Qowes, AW.. Lab. Invest 49: 208 (1983); Oowes, AW.. J. Cardiovas. Pharm. 
14: SI 2 (1989); and Ferns. GA.. Science 253: 11 29(1 991 )].TTie following briefly describes the procedure that 
was used. The left carotid arteries of male Sprague-Darwley rats were injured with an inflated 2Fr balloon cath- 
eter. During a 14 day postoperath/e period, these rats were divided into groups and treated daily with rapamycin 
(1 .5 nig/kg; i.p.), rapamydn plus mycophenollc add^l .5 mg/kg; i.p. * 40 mg/kg; p.o.). or cydosporin A (3 mg/kg; 

40 tp.). Additionally^ one group each also received rapamydn (6 mg/kg/day; Lp.) or cydosporin A (40 mg/kg/day; 
Ip.) for two days postoperatively, and then received no treatment for the next 12 days. An untreated group 
was used an injured control to establish the amount of intimal growth In the absence of treatment The right 
carotid was used as an uninjured control in all groups. After the 14-day period, the rats were sacrificed, the 
carotids removed. The mean areas of the intima and blood vessel wall were measured by morphometry. Results 

45 are expressed as an intima percent which can be expressed according to the fdlowing formula: 

area of intima ^ 
areaof vessel 

The following table shows the festilts that were obtained. 
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EFFECT OF RAPAMYCIN ON INTIMAL THICKENING IN 
INJURED CAROTID. ARTERIES* 

5 

TPS^OrPup Inrima Pfercent ± S.E. . 

Uninjured Control .. 0.0010.00 

Untreated Injured Control 33,3 ±19.66 

« . RAP (L5 mg/kg - 14 days) .6.78 ± 4.69 . 

RAP (6 mg/kg - 2 days) 16.56 ±6.22 

RAP + MPA(14days) l"6±3,5 
CsA (3 mg/kg - 14 days) 26.46 ± 27.42 

CsA (40 mg/kg - 2 days) ' 31.14 ± 20.66 



IS 
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Abbreviations RAP = rapamycin; MPA = mycophenolic 
acid; and CsA = cyclosporin A. 



These resujts show that treatment with rapamycin (1.5 mg/kg for 14 days) resulted In an 80% decrease 
in the mean percentage Intimal thickening compared with the untreated injured control group. SMariy, troat- 
rnent with thewmblnation of rapamydn and mycophendfc add produced alniost a complete inhibition ^ 
25 thtekening (95% reduction in Intimal thickening compared with untreated injured control). Cydosporin AfaOed 
to produce any meaningful reduction in intimal thickening. 

The results of the in vitro and in vivo standard test procedures denranstrate that rapamydn and rapamycin 
in combination with mycophenolic acid are useful in preventing or treating hyperproliferative vascular disease. 
Specif teally, rapamycin Is useful in preventing or treating intimal smooth muscle cell hyperplasia, restenosis, 
30 and vascular ocdusion in a nriammal, particularly following either biologically or mechanically mediated vas- 
cular injury, or under conditions that would predispose a mammal to suffering such a vascular injury. 

Rapamycin was also evaluated in a modification of the in vivo test procedure described above. In the modi- 
fied test procedure, treatment with rapamydn was stopped on day 14, as above, but the animals were not sac- 
rificed immediately. Intimal thickening was observed when the animals were sacrificed 1, 2, or 4 weeks after 
35 treatment had been stopped. Microscopic analysis showed that endothelium regeneration had not occurred 
during the two week freatment period.. Fdlowing cessation of treatment with rapamycin intimal prdiferatton. 
that was previously suppressed, was able to occur. These results are consistent with the results shown in the 
. table above, in whidi treatment for 2 days with rapamydn fdlowed by 12 days of no treatment inhibited intimal 
thtekening to a lesser degree than treatment with rapamycin for 14 days. These results are expected, as in 
40 the absence on an integral endothelial layer, the intimal smooth musde cells will proliferate. It has been shown 
that intimal smooth musde ceU growth does not have an Inhibitory effect on normal endothelial regeneration^ 
and that intimal smooth musde ceQ proliferation ceases when the endothelial layer is established. (Reidy, M„ 
Lab. invest 59: 38 (1988); Chevru, A.. Surg. Gynecol. ObsteL 171: 443 (1990): Fishman. J.. Lab. Invest 32: 
339 (1975); Haudenschild. C. Ub. Invest 41: 407 (1979)]. As such, treabnent with rapamydn or rapamydn 
45 In combinatwn with mycophendic add should be employed until endothelial healing has occurred. 

When rapamydn is employed alone or In combination with mycophendic acid in the prevention or treat- 
ment of hyperprdiferative vascular disease. It can be formulated neat or with a pharmaceutical carrier to a 
mammal in need thereof. The pharmaceutical carrier may be sdid or liquid. 

A solid carrier can indude one or more substances which may also ad as flavoring agents, lubricants, sol- 
so ubQizers, suspending agents, fillers, glidants, compression akis, binders or tablet-disintegrating agents: ft can 
also be an encapsulating material. In powders, the carrier is a finely dh/ided solid which is In admixture with 
the finely divided active ingredient In tablets, the active ingredient is mbced with a carrier having the necessary 
compression properties in suitable proportions and compacted in the shape and size desired. The powders 
and tablets preferably contain up to 99% of the active ingredient Suitable solid carriers indude. for example; . 
55 caldum phosphate, magnesium stearate. talc, sugara. lactose, dexyln. starch, gelatin, cellulose, methyl cellu- 
tose, sodium caitoxymethyl cellulose, pdyvinylpyrrdldine. tow melting waxes and ion exchange resins. 

UquM carriers are used in preparing solutions, suspensions, emulsions, syrups, elbdrs and pressurized 
compositions. The active ingredient can be dissolved or suspended in a pharmaceutically acceptable car- 
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rier such as water, an organic solvent a mixture of both or pharmaceutically acceptable oils or fats. The liquid 
carrier can contain other suitable pharnnaceutical additives such as sdubllizers, ennilsifiers, buffers, preser- 
vatives, sweeteners, flavoring agents, suspending agents, thickening agents, colors, viscosity regulators, sta- 
bilizers or osmo-regulators. Suitable examples of liquid carriers for oral and parenteral administration indude 
5 water (partially containing additives as above, e.g. cellulose derivatives, preferably sodium carboxymethyt cel- 
lulose solution), alcohols (including nrionohydric alcohols and polyhydric alcohols, e.g. glycols) and their der- 
ivatives, and oils (e.g. fractionated coconut oil and arachis oil). For parenteral administration, the carrier can 
also be an oily ester such as ethyl oleate and Isopropyl myristate. Sterile liquid carriers are useful In sterile 
liquid form compositions for parenteral administration. The liquid carrier for pressurized compositions can be 
10 halogenated hydrocarbon or other pharmaceutically acceptable propellent 

. Liquid pharmaceutical compositions which are sterile solutions or suspensions can be utilized by, for ex- 
. ample, intramuscular, intraperitoneal or sut>cutaneous Injection. Sterfle solutions can also be administered In- 
travetnously. The compound can also be administered orally either in liquid or solid composition forra 

Rapamycin, alone or in combination with mycophenolic acid, may be administered rectally in the form of 
IS a conventional suppository. For administration by intranasal or intrabronchial inhalation or insufflation, the 
compounds of this invention may be formulated into an aqueous or partially aqueous solution, which can then 
be utilized in the form of an aerosol. Rapamycin, alone or in combination with mycophenolic add, may also 
be administered transdermaily through the use of a transdermal patch containing the active compound and a 
carrier that is inert to the active compound, is non toxic to the skin, and atlowsdellvery of the agent for systemte 
20 absorption into the blood stream via the skin. The carrier may take any number of forms such as creams and 
ointments, pastes, gets, and occlusive devices. The creams and ointments may be viscous liquid or semisdkJ 
emulstons of either the olMn-water or water-in-oH type. Pastes comprised of absorptive powders disperaed In 
' petrdeum or hydrophiltc petrdeum containing the active Ingredient may also be suitable. A variety of ocdush/e 
devices may be used to release the active Ingredient into the blood stream such as a semlpermiable membrane 
25 covering a reservoir containing the active ingredient with or without a carrier, or a matrix containing the active 
ingredient Other ocdustve devices are known in the literature. 

Rapamycin, alone or in combination with mycophenolic acid can be administered Intravascularly or via a 
vascular stent impregnated with rapamycin, alone or in combination with mycophenolic ackJ, during balloon 
catheterization to provide localized effects immediately following injury. 
30 . Rapamycin, alone or in combination with mycophenolic add, may be administered topically as a solution, 
cream, or lotion by formulation with pharmaceutically acceptable vehides containing 0.1 - 5 percent preferably 
. 2%. of active compound. 

The dosage requirements vary with the particular compositions employed, the route of administratton, the 
severity of the symptoms presented and the particular subject being treated. Based on tiie results 4}btalned 
35 in the standard pharmacdogical test procedures, projected daily intravenous dosages of rapamydn, when ad- 
ministered as the sole active compound, would be 0.001 - 25 mg/kg, preferably between 0.005 - 5 mg/kg, and 
mora preferably between 0.01 - 0.5 mg/kg. Projected daily, oral dosages of rapamydn, when administered as 
the sde active compound or in combination with mycophendic acid, would be 0.005 - 50-mg/kg, preferably 
between 0.01 - 25 mg/kg, and more preferably between 0.05 - 10 mg/kg. Projected daily Intravenous dosages 
40 of mycophenolic add, when used in comblnatton with rapamydn, would be 0.5 - 25 mg/kg and prefer rably be- 
. twee'n 5-25 mg/kg. Projeded dally oral dosages of mycophendic add, when used In comblnatton with rapa- 
mycin, would be 1 - 75 n)g/kg and preferrably between 10-50 mg/kg. 

' Treatment will generally bis initiated with small dosages less than the optimum dose of the compound. 
Thereafter the dosage is increased until the optimum effect under the circumstances is reached; precise dos- 
45 ages for oral, parenteral, intravascular, intranasali intrabronchial, transdermal, or rectal administration will be 
determined by the administering physidan based on experience with the individual subject treated. In general, 
rapamydn is most desirably administered at a concentration that wDI generally afford effective results without 
causing any harntful or deleterious side effects, and can be administered either as a single unit dose, or if de- 
. sired, the dosage may be dhrided into convenient subunits administered at suitable times throughout the day. 

so 

Claims 

1 . Use of rapanrtydn in the manufacture of a medicament for use in preventing or treating hyperprdifisrative 
55 vascular disease'in a mammal. 

Z Use es daimed in Qaim 1 in which the medicament Is adapted for administration orally, parenterally. in- 
travascularly. intranasaily, intrabronchlany, transdermafly, rectally. or via a vascdar stent impregnated 
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35 



45 



.SO 



55 



with rapamycia 



3. Use as dabned in Claim 1 or.Clalm 2 in whidi the medicament comprises myoopheholic add for simul- 
taneous separate or sequential administration. . 

5 ' ' 

. 4. Product containing rapamycin and mycophenoiic acid as a combined preparation for simultaneous, sep- 
arate or sequential.use in preventing or treating hyperproliferative vascular disease. 

5. A use or product according to any one of daims 1 to 4 wherein the hyperproliferative vascular disease Is 
selected from iritlmal smooth musde ceQ hyperplasia, rsstenosls and vascular ocdusion. 

6. A use or product according to any one of Claims 1 to 4 wherein the rapamydn is administered concurrent 
with and/or sul)sequerit to said mammal undergoing a percutaneous transluminal coronary angioplasty 
procedure. 

IS 7. A use or product according to any one of palms 1 to 4 wherein the hyperprdiferative vascular disease Is 
restenosis. 

8. A use or product according to any one of Claims 1 to 4 wherein the rapamydn is administered concurrent 
with and/or subsequent to said niammal sustaining a bidogically or mechanically mediated vascular injury. 

20 

.. 9. ' A pharrnaceutical.composition comprising rapamydn, nriyoophendic acid and a pharmaceutiu^^ 
able carrier! 
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